Universal scaling laws can guide the understanding of new phenomena, and for cuprate hightemperature superconductivity such an early influential relation showed that the critical temperature of superconductivity (T c ) correlates with the density of the superfluid measured at low temperatures. This famous Uemura relation has been inspiring the community ever since. Here we show that the charge content of the bonding orbitals of copper and oxygen in the ubiquitous CuO 2 plane, accessible with nuclear magnetic resonance (NMR), is tied to the Uemura scaling. This charge distribution between copper and oxygen varies between cuprate families and with doping, and it allows us to draw a new phase diagram that has different families sorted with respect to their maximum T c . Moreover, it also shows that T c could be raised substantially if we were able to synthesize materials in which more oxygen charge is transferred to the approximately half filled copper orbital.
I. INTRODUCTION
The cuprates' essential building blocks are the CuO 2 plane and charge reservoir layers that separate the planes, cf. Fig. 1(a) . While the square-planar CuO 2 plane with a Cu 3d x 2 −y 2 orbital bonding to four O 2p σ orbitals is quite universal, the charge reservoir chemistry can vary widely. The antiferromagnetic parent compound can be doped with holes or electrons by alteration of the charge reservoir layers so that the static magnetism vanishes and new electronic phases emerge, cf. Fig. 1(b) .
The original plot by Uemura et al. [1] depicted in Fig. 1(c) (in red) shows T c correlated with the muon spin relaxation rate σ 0 (extrapolated to T = 0 K), which is proportional to the superfluid density divided by the effective mass (σ 0 ∝ n s m * ). This relation holds for the underdoped materials and nicely orders different cuprate families.
This and subsequent scaling laws have remained stimulating up to now, and some were shown to be valid for other superconductors as well [2] [3] [4] [5] [6] [7] [8] [9] [10] . Also shown in Fig. 1 (c) (in black) is the planar 17 O NMR quadrupole splitting ( 17 ν Q ) that measures the O 2p σ hole content. The resemblance of this temperature independent charge density at the planar oxygen, set by material chemistry, and σ 0 , the density of the superfluid at very low temperatures, is striking. 
II. RESULTS AND DISCUSSION
Nuclear magnetic resonance (NMR) as a versatile local bulk probe revealed various trends among certain parameters for the cuprates. [11] However, NMR spin shifts, nuclear relaxation, or local electric field gradients do not lend themselves easily to simple physical pictures. For example, early work related T c to the planar O and Cu splittings [12] , but it did not attract as much interest as the Uemura plot. Subsequent work [13] showed that the splittings are due to the hole content of the Cu 3d x 2 −y 2 (n d ) and O 2p σ (n p ) orbitals, and that they measure the chemical holedoping x (as in La 2−x Sr x CuO 4 ), i.e., x = ∆n d + 2∆n p . Here, n d and n p are measured with NMR based on calibrating the quadrupole splittings with atomic spectroscopy data, in contrast to the earlier model [12] . Very recently [14] , it was found that even electron-doping is quantitatively accounted for with n d and n p from NMR. In addition, it was found that the parent materials differ substantially in n d and n p , however, the relation n d + 2n p = 1 is obeyed, i.e., the Cu and O bonding orbitals in the CuO 2 plane share the nominal d-shell Cu 2+ hole differently. This results in the sorting of the families as shown in Fig. 1(d) , and one recognizes that a large n p is a prerequisite for a high maximum T c (i.e. for optimal doping).
While the knowledge of 17 ν Q is sufficient for calculating n p , determination of n d requires the splittings measured at both nuclei [13, 14] . Since NMR can only measure 17 O enriched samples, the number of reports on 17 ν Q is much lower compared with 63 ν Q (see Supplementary). Therefore, we could convert all the planar oxygen splittings from the literature, but only the corresponding subset of copper splittings. Although the plot of T c vs. n p in Fig. 1(d) is similar to Fig. 1(c) , it additionally includes non-superconducting and overdoped compounds. We also recognize in Fig. 1(d) a parabolic-like dependence of T c on the oxygen charge n p , which resembles the typical phase diagram that shows a dome-like dependence of T c on x. Since there is no superfluid in non-superconducting materials (parents, and for doping outside the T c dome), they cannot be shown in the Uemura plot. Furthermore, the correlation between σ 0 and 17 ν Q is lost in the overdoped regime where σ 0 decreases with increasing doping [15, 16] (which was attributed to a decrease of n s [17] ).
In Fig. 1(d) we also included results for the electron doped materials that we have obtained very recently. [14] For electron-doped Nd 1.85 Ce 0.15 CuO 4 the muon relaxation rate and the superfluid density were reported to be very similar to that of hole-doped YBa 2 Cu 3 O 6+y . [4, 18, 19] We find that µSR data for electron doped compounds are also in agreement with 17 ν Q splittings (see Supplementary) and corresponding hole contents for those families, cf. Fig. 1(d) . Electron-doping appears to be less efficient in providing a high T c , but the rather high oxygen hole content of the parent materials Pr(Nd) 2 CuO 4 suggests that hole-doping should result in much higher T c . Clearly, a large n p is only a prerequisite for a high T c , but is not sufficient, as expected for such a material chemistry parameter. We also do not know whether this empirical relation remains valid for higher oxygen hole content. If it does, the T c of the cuprates might be raised by the proper chemistry substantially (we estimate 300 K to 400 K per oxygen hole from the straight line in Fig. 1(d) ). Since the charge transfer between Cu and O is governed by 1 = n d + 2n p for the parent materials, we also conclude that compounds with the highest T c favor a smaller Cu hole content.
These . x) , cf. Fig. 1(b) , appears as a projection that has x = n d + 2n p − 1 on its abscissa. It must be of great interest to discuss the various cuprate properties probed by other methods in terms of the new phase diagram, however, this task is beyond the scope of this manuscript, and we would like to raise only a few ideas here.
As to the parent compounds, while it is of interest to understand how the exchange coupling J varies as a function of n d and n p , the exchange between the CuO 2 planes and with it the Neél temperature will depend on the charge reservoir layers, and correspondingly, T N shows no simple trend. The parent materials of the electron-doped cuprates promise a large T c upon hole doping.
Doping appears essential for unlocking the maximum T c , and it changes n d and n p in a family-specific manner. While hole-doping changes mostly n p , electron-doping almost exclusively affects n d . According to our analysis, all families show optimal doping near x = n d + 2n p − 1 ≈ ±0. 15 . This suggests that optimal doping is related to the parent magnetism rather than the distribution of charges between Cu and O. Electron-doping is less effective in unlocking the maximum T c . The hole-doped compounds appear in three separate groups: (1) La 2−x Sr x CuO 4 , (2) YBa 2 Cu 3 O 6+y and other cuprates of that structure, as well as YBa 2 Cu 4 O 8 , and (3) Bi, Tl and Hg based families, which have the highest T c values.
Another important issue concerns the heterogeneity of the cuprates. We know from NMR that the static charge and spin density can vary drastically within the CuO 2 plane, in particular between different cuprate families [20] . For example, the charge density in terms of the total doping x may easily vary by ∆x ≈ 0.05 [21] [22] [23] . Since T c is not in a simple relation to this static inhomogeneity, only the average n d and n p appear to matter. From this, one would conclude that inhomogeneity is either not important for the maximum T c , or it is ubiquitous and dynamically averaged for NMR, depending on the chemical environment. [20] Pressure has profound effects on T c and probably on n d and n p . This would be very revealing, and some of us are engaged with new high-pressure NMR experiments [24] and pursue this issue currently.
Concerning the electronic fluid: it is beyond doubt now that the susceptibility of a single electronic spin component cannot explain the cuprate NMR shifts [25, 26] . Instead, one needs at least a Fermi-liquid-like spin component that has a temperature-independent spin polarization above T c , and a pseudogap-like spin component that is temperaturedependent far above T c for lower doping levels. A third, doping-dependent NMR shift term was recently identified [27] , and it may represent the expected coupling between the two components. Therefore, it will be of great interest to see how the different spin components vary across the new phase diagram.
To conclude, NMR measures the charge distribution in the bonding orbitals in the CuO 2 plane quantitatively, and since it reproduces the Uemura plot, i.e., it finds the same ordering of families with respect to their maximum T c , we now have material chemistry parameters that are responsible for setting the highest T c and superfluid density. These findings inspired a new perspective on the cuprate phase diagram and it is very likely that the complex cuprate properties might be better understood when discussed in the context of the charge distribution in the CuO 2 plane. A detailed analysis of the planar oxygen and copper electric field gradient tensors in the cuprates is presented elsewhere [1] . Here we only present collected literature values of the quadrupole splittings of planar copper 63 ν Q and oxygen ( 17 ν Q ) (table 1 and 2, respectively). All 17 O and most of 63 Cu splittings are also plotted in Fig. 1 . In the case of the CLBLCO family there are 63 ν Q data for more dopings. [2] Since all show the same behaviour in the tables we show only two families, for which both 63 ν Q and 17 ν Q are available. There are also 63 ν Q results for cuprates containing Bi, e.g. for single layer Bi-2201 family. [3] However, the 63 Cu NQR spectra are very broad with at least four peaks (ranging from 27 MHz to 35 MHz), despite the fact that all Cu sites are equivalent in the ideal Bi-2201 structure without the modulation in the Bi-O layer. Very broad 63 Cu NQR spectra are a general feature of cuprates with this type of modulation [4] , and we only quote one 63 ν Q obtained from NMR on Bi-2212 single crystals, [5] for which also 17 ν Q is available. The hole contents of the oxygen 2p σ (n p ) and copper 3d x 2 −y 2 (n d ) orbitals, which are shown in the main paper, are calculated using the following formulas [6] : [7] 81 0.927 Hg-1201 ref. [30] 74 (und) 1.050 Tl-2201 ref. [31, 32] 85 (opt) 1.154 10 (ovd)
1.220 Bi-2212 ref. [33, 34] 86 (opt) 1.14 82 (ovd)
1.14 TlSr-2212 102 (und) ref. [11] 1.05 112 (opt) ref. [11] 1.10 104 (ovd) ref. [11] 1.13 103 (ovd) ref. [35] 1 
